The objective of this study was to explore the relationship between local (ie , ocular) complement factor H (CFH) and choroidal neovascularization (CNV) associated with wet age-related macular degeneration (AMD) , a leading cause of irreversible blindness, in laser-treated C57BL/6 mice. Immunohistochemical and RT-PCR analysis of retinal pigmented epithelium (RPE)-choroid sclera revealed that the expression of CFH was down-regulated on day 1 with a dramatic increase on days 5 and 7 postlaser injury. Flat mount and Western blot analysis further revealed that membrane attack complex (MAC) expression was up-regulated on days 1 and 3 postlaser injury; however, MAC was down-regulated on days 5 and 7 postinjury but was still higher than in non-injured mice. Similar patterns for CFH and MAC were observed for RPE cells when serial paraffin sections of the laser spots were analyzed. Subretinal injection of siRNA directed against CFH resulted in a threefold suppression of CFH in the RPE and choroid without affecting either CFH levels in the liver or the functional activity of the alternative pathway in the peripheral blood. Ocular knock-down of CFH resulted in increased MAC deposition , which leads to the early onset as well as exacerbation of laser-induced CNV. In conclusion, our findings provide evidence that CFH present on RPE and choroid regulates local MAC formation that is critical for the development of laser-induced CNV. 1,2 In AMD there is a progressive destruction of the macula leading to the loss of central vision. Two major clinical phenotypes of AMD are recognized-a non-exudative (dry type, 85% of the cases), and an exudative (wet type, 15% of the cases). Although the dry form of AMD is more prevalent, catastrophic vision loss is more frequently associated with the wet form, specifically from the complication of choroidal neovascularization (CNV).
The objective of this study was to explore the relationship between local (ie , ocular) complement factor H (CFH) and choroidal neovascularization (CNV) associated with wet age-related macular degeneration (AMD) , a leading cause of irreversible blindness, in laser-treated C57BL/6 mice. Immunohistochemical and RT-PCR analysis of retinal pigmented epithelium (RPE)-choroid sclera revealed that the expression of CFH was down-regulated on day 1 with a dramatic increase on days 5 and 7 postlaser injury. Flat mount and Western blot analysis further revealed that membrane attack complex (MAC) expression was up-regulated on days 1 and 3 postlaser injury; however, MAC was down-regulated on days 5 and 7 postinjury but was still higher than in non-injured mice. Similar patterns for CFH and MAC were observed for RPE cells when serial paraffin sections of the laser spots were analyzed. Subretinal injection of siRNA directed against CFH resulted in a threefold suppression of CFH in the RPE and choroid without affecting either CFH levels in the liver or the functional activity of the alternative pathway in the peripheral blood. Ocular knock-down of CFH resulted in increased MAC deposition , which leads to the early onset as well as exacerbation of laser-induced CNV. In conclusion, our findings provide evidence that CFH present on RPE and choroid regulates local MAC formation that is critical for the development of laser-induced CNV. Age-related macular degeneration (AMD) is the leading cause of irreversible blindness among individuals over the age of 50 worldwide. Approximately two million people in the United States alone have AMD, and it is projected that by 2020, approximately three million people will develop this disease. 1, 2 In AMD there is a progressive destruction of the macula leading to the loss of central vision. Two major clinical phenotypes of AMD are recognized-a non-exudative (dry type, 85% of the cases), and an exudative (wet type, 15% of the cases). Although the dry form of AMD is more prevalent, catastrophic vision loss is more frequently associated with the wet form, specifically from the complication of choroidal neovascularization (CNV). [2] [3] [4] [5] [6] [7] [8] Two major aspects of AMD may influence severity of the disease: new vessel growth and retinal pigmented epithelium (RPE) degeneration, which leads to the break-down of blood-retinal barrier. Affected retinal nutrition due to the RPE cell loss and uncontrolled vascular growth with leakage and retinal detachment predispose to photoreceptors loss and blindness. 2, 8 An accelerated and reliable way to produce CNV in animals is to rupture Bruch's membrane with laser photocoagulation. 4, 5, 9 CNV induced in rodents by this method is useful to gain insights into the pathogenesis of new vessel growth from the choroid and has been remarkably successful in predicting potential points of therapeutic interventions. 4, 5, 9 There is a substantial body of evidence implicating complement in AMD both in humans and in experimental animals. 2,4,5,10 -13 Complement components, complement activation products and complement regulatory proteins have been localized in drusen in patients with AMD and during the course of laser-induced CNV in rodents. 2, [11] [12] The formation of membrane attack complex (MAC) due to local complement activation was reported to be central to the development of laser-induced CNV in mice. 4, 5, 14 We have previously reported that MAC formation via the alternative pathway activation, but not the classical or lectin pathway, was essential for the release of growth factors that drive the development of laser-induced CNV in mice. 4, 15 Our results also indicated that the alternative pathway activation was due to the reduced expression of regulatory protein-complement factor H (CFH). 15 CFH, a 155-kDa glycoprotein is the key regulator of the alternative pathway of complement activation. 16, 17 CFH is present in soluble form in plasma and fluid phase and may bind to the surface of host cells and biological surfaces. 16 CFH has been reported to be present in human and mouse ocular tissues such as RPE and choroid and is associated with drusen in AMD patients. 12,18,19 -21 However, to our knowledge, the role of ocular CFH in the regulation of local complement system in wet AMD has not been explored yet. This study was undertaken to investigate the role of ocular CFH in the development of laser induced CNV in mice. Our results suggest that local inhibition of the alternative pathway of complement activation may be used as a therapeutic tool in the treatment of wet AMD in future.
Materials and Methods

Animals
Male C57BL/6 mice (7-9 weeks old) were purchased from the Jackson Laboratory (Bar Harbor, ME). This study was approved by the Institutional Animal Care and Use Committee (IACUC), University of Arkansas for Medical Sciences, Little Rock, AR.
Induction of CNV
CNV was induced by laser-photocoagulation in C57BL/6 mice with an argon laser (Lumenis Inc., Santa Clara, CA) as previously described. 3, 9, 15, 22 Three laser spots (50 m spot size, 0.05 seconds duration, 260 mW power) were placed in each eye close to the optic nerve. Production of a vaporization bubble at the time of laser confirmed the rupture of Bruch's membrane.
Measurement of CNV
Animals were perfused with 0.75 ml of phosphate-buffered saline (PBS) containing 50 mg/ml of fluoresceinlabeled dextran (FITC-Dextran, 2 million average mw, Sigma, St. Louis, MO) before they were sacrificed. The eyes were harvested, fixed for 4 hours in 10% phosphatebuffered formalin (Sigma, St. Louis, MO), and RPE-choroid-sclera flat mounts were prepared. 9, 15, 22 The flat mounts were mounted in ProLong Antifade reagent (Invitrogen, Carlsbad, CA) with the sclera facing down, examined under a ZEISS LSM 510 laser confocal microscope, and images of laser spots were captured. Area of green fluorescence (CNV size) was measured using ImageJ program (National Institute of Health, Bethesda, MD). The green color in the laser spot represents CNV complex. If the CNV was Ͻ3% of the total laser spot area, it was graded as negative, whereas CNV Ͼ3% was considered positive.
Immunohistochemistry
Naïve (nonlasered) and laser treated animals were sacrificed at day 1, 3, 5, and 7 postlaser (n ϭ 10 mice per time point). The eyes were harvested and fixed for 4 hours in 10% phosphate-buffered formalin (Sigma, St. Louis, MO). One set of samples (n ϭ 10 eyes per time point) was processed for RPE-choroid-sclera flat mounts. 9, 15, 22 Another set of samples (n ϭ 10 eyes per time point) was arranged in composite blocks (2 eyes from each group) and embedded in paraffin. Serial sections were prepared 23 to find laser-injured area. Two close sections (10 eyes in each section) were placed on each slide. One section was used for immunohistochemical staining, and another section was used as a control. All samples were processed at the same time and in the same manner. Sheep polyclonal antibody to CFH (Lot # ab8842, Abcam, Cambridge, MA) and rabbit polyclonal antibody reactive with mouse C9 (kindly provided by Prof. B.P. Morgan, University of Wales College of Medicine, Cardiff, UK) were used to stain CFH and MAC, respectively. FITC-conjugated AffiniPure donkey antisheep IgG (HϩL) (Lot # 72193, Jackson Immunoresearch laboratories, West Grove, PA), AF (Alexa Fluor) 594-conjugated donkey anti-sheep IgG (HϩL), AF594-conjugated goat anti-rabbit IgG (HϩL) (Lot # 536045 and # 561784, respectively, all from Molecular Probes, Eugene, OR) were used as the secondary antibody. To block nonspecific binding tissues were incubated in 5% bovine serum albumin (BSA) (Fisher Scientific, Fair Lawn, NJ) prepared on 0.05 mol/L (pH ϭ 7.4) PBS (Invitrogen, Grand Island, NY) for 2 hours at ϩ25°C. Primary antibody was diluted in 1% BSA (anti-CFH antibody -1:200 and anti-MAC -1:4000) and was applied for 12 hours at ϩ4°C and then secondary antibody (all diluted 1:400) was used for 1 hour at ϩ25°C. Samples were washed with PBS three times for 10 minutes, between each changes of antibody. Control stains were performed with isotypematched control antibodies at concentrations similar to those of the primary antibodies and staining by omission of the primary or secondary antibodies. To block autofluorescence samples were treated with 1% Sudan Black B (Fisher Scientific, Fair Lawn, NJ) as previously described. 24 Flat mounts were stained for CFH and MAC and Zstack images (1 m thickness of each optical section, seven optical sections in one Z-stack) of laser-injured area were captured using ZEISS LSM 510 laser confocal microscope set up with Beam Splitters as follows: 488 nm laser (25%) window 505-550 nm, 561 nm laser (25%) window 575-615 nm. Eight-bit images were obtained using the microscope in sequential mode with line average of four and format 1024 ϫ 1024 pixels. We used Plan-Apochromat 20ϫ/0.8 objective. Mean intensity (mean gray value, within range from 0 to 255) of green and red fluorescence in area of laser injury was measured using ImageJ program (National Institute of Health, Bethesda, MD) in each Z-stack layer. Mean value of intensity for each laser spot was calculated. Experiment was repeated three times with similar results.
Paraffin-embedded sections with laser injured areas were used for immunohistochemical staining (IHC) for CFH and MAC. IHC procedure was done as described above for flat mounts; antigen unmasking solution (Vector Laboratories, Burlingame, CA) was used to retrieve antigens. After IHC the sections were treated with 1% Sudan Black B and mounted in ProLong Antifade reagent. Laser injured areas on paraffin sections were captured as images of differential interference contrast (DIC), green (CFH), and red (MAC) fluorescence in one single plane (1-m optical slice). We used Plan-Apochromat 63ϫ/1.4 objective and Immersol 518 F oil (ne ϭ 1.518 [23°C] Carl Zeiss, Oberkochen, Germany). DIC was used to identify different structures. Experiment was repeated 3 times with similar results.
Small Interfering RNA Synthesis and Administration
Small interfering RNA (siRNA) was used to knock-down CFH gene in vivo. Three target sequences were identified at different locations within the coding region of mouse CFH gene, 25 and siRNAs were designed corresponding to those sequences. Control siRNAs were randomly scrambled sequences with minimum or no homology with the siRNA as well as target sequence and were synthesized at Invitrogen. siRNAs were generated by the BLOCK-iT RNAi Designer software (Invitrogen). siRNAs (duplexes of sense and antisense strands) were 25-nucleotides long double-stranded RNAs. Sense and anti-sense strands of siRNAs in 5Ј-3Ј direction were: CFH (GenBank Accession no. NM_009888): CFH-1 (sense): 5Ј-CAGGCUCGUGGUCAGAACAACUAUA-3Ј, (antisense): 5Ј-UAUAGUUGUUCUGACCACGAGCCUG-3Ј; CFH-2 (sense): 5Ј-GGACAUGGGUCAGUUUCUUGCA-UUA-3Ј; (antisense): 5Ј-UAAUGCAAGAAACUGACCCAU-GUCC-3Ј, CFH-3 (sense): 5Ј-CAGGAGUACGAACGCU-CAAUCUGUA-3Ј; (antisense): 5Ј-UACAGAUUGAGCG-UUCGUACUCCUG-3Ј; Control Ϫ1 (sense): 5Ј-CAGUGCU-CUGGAAGACAACUCGAUA-3Ј, (antisense): 5Ј-UAUC-GAGUUGUCUUCCAGAGCACUG-3Ј; Control Ϫ2 (sense): 5Ј-GGAGGGUGACUCUUUCGUUAACUUA-3Ј, (antisense): 5Ј-UAAGUUAACGAAAGAGUCACCCUCC-3Ј; Control Ϫ3 (sense): 5Ј-CAGCAUGCAAGCUCGCUAAUAGGUA-3Ј, (antisense): 5Ј-UACCUAUUAGCGAGCUUGCAUGCUG-3Ј. Lipid-based in vivo transfection reagent (Altogen Biosystems, Las Vegas, NV) was used as the vehicle for delivery of siRNAs and two different doses (20 pM and 80 pM) of CFH siRNA were tested. Mice were divided into 3 groupsgroup 1 (n ϭ 20 mice) received single subretinal injection of CFH siRNAs (equal mixture of all 3 CFH siRNAs in 2 l), group 2 (n ϭ 20 mice) received control siRNAs (equal mixture of all 3 control siRNAs in 2 l), and group 3 (n ϭ 20 mice) was injected with 2 l of vehicle (lipid-based in vivo transfection reagent). Injections were performed within 3-5 minutes after laser treatment in region close to laser injured area under microscope. Mice were injected at the day of laser treatment (day 0) and were sacrificed at day 1, 3, 5, and 7 postlaser. Eyes were harvested and RPE-choroid tissue was used for total RNA and total protein extraction. Assessment of CFH suppression was done by semiquantitative RT-PCR and semiquantitative Western blot analysis described below. Experiment was repeated three times with similar results.
Localization of CFH siRNA
For localization study above mentioned siRNAs modified with Alexa 488 (AF488, green fluorescence) were used. Mice were divided into three groups-group 1 (n ϭ 12 mice) received single subretinal injection of CFH AF488 siRNA (equal mixture of all 3 siRNAs with total concentration of siRNA 1 g/L or 80 pM in 2 l) and group 2 (n ϭ 12 mice) received control AF488 siRNA (equal mixture of all 3 with total concentration of siRNA 1 g/L or 80 pM in 2 l). Mice were injected at the day of laser treatment (day 0) and were sacrificed at day 1, 3, 5, and 7 postlaser. Group 3 had naïve mice (n ϭ 6 mice) which served as the control. Eyes were harvested and fixed in formalin and divided into two sets. One set of eyes (three eyes per each time point) was processed for RPE-choroid-sclera flat mounts, and the flat mounts were stained for CFH (AF594-conjugated donkey anti-sheep IgG [HϩL] were used as secondary Abs). Another set of eyes (three eyes per each time point) were used to cut serial paraffin sections (5 m thick) and examined without any additional staining.
Semiquantitative RT-PCR Analysis
Total RNA was extracted from pooled RPE-choroid tissue and liver for RT-PCR using the RNeasy Kit (Qiagen, Valencia, CA). Specific oligonucleotide primers derived from mouse CFH gene 25 were synthesized at Integrated DNA Technologies, Inc. (Coralville, IA). RT-PCR was conducted using the following primers: ␤-actin (746 bp) forward: 5Ј-GCCACCAGTTCGCCATGGATGA-3Ј, reverse: 5Ј-GTCAGGCAGCTCATAGCTCTTC-3Ј; CFH (840 bp) forward: 5Ј-TTGGAATTCTCCTGCCATTC-3Ј, reverse: 5Ј-ACCTTCCATCTTTGCACACC-3Ј. RT-PCR for CFH and ␤-actin transcripts was performed using 0.1 g of total RNA as template and the reagents purchased from Applied Biosystems (Foster City, CA). PCR was performed using 25 and 30 cycles. The negative controls included sterile water instead of the RNA and a reaction without reverse transcriptase. RT-PCR products were analyzed on 1% agarose gel and quantitated by densitometry using Quantity one 4.2.0 (Bio-Rad). Experiment was repeated three times with similar results.
Semiquantitative Western Blot Analysis
Total protein was extracted from pooled RPE-choroid tissue and liver. The tissue was homogenized and solubilized in ice-cold PBS containing protease inhibitors as previously described. 4, 15 Briefly, electrophoresis was performed on 7.5% SDS-PAGE slab gel and the separated proteins were transferred to polyvinylidene difluo-ride (PVDF) membranes. The blots were blocked with 5% nonfat dry milk. Sheep polyclonal anti-CFH from Abcam (Lot # ab8842, Cambridge, MA) and rabbit polyclonal anti-C9 (kindly provided by Prof. B.P. Morgan, University of Wales College of Medicine, Cardiff, UK) was used as the primary antibodies, and the blots were treated separately with these antibodies overnight at ϩ4°C. In past, we have used rabbit polyclonal anti-C9 to stain MAC in mouse eye. 4, 15 This antibody recognizes neo-epitopes on C9 in MAC complex. Control blots were reacted with equivalent concentration of isotype-matched purified IgG. Blots were developed using the enhanced chemiluminescence Western blotting detection system "ECL ϩ Plus" (Amersham Pharmacia Biotech, Arlington Heights, IL) according to manufacturer's recommendations. Quantification of CFH, MAC/C9, and ␤-actin was accomplished by analyzing the intensity of the bands using Quantity one 4.2.0 (Bio-Rad). Experiment was repeated three times with similar results.
Alternative Pathway Activity Assay
CFH siRNA (n ϭ 5 mice), scrambled siRNA (n ϭ 5 mice), and PBS (n ϭ 5 mice)-treated animals were sacrificed at day 3 and 5 postlaser treatment. Alternative pathway activity in mouse serum was measured using a modification of the zymosan assay, which measures C3 deposition on zymosan particles. 26, 27 In brief, 10 l of mouse serum was incubated with 
Statistical Analysis
Data were analyzed and compared using Student's t-test, Mann Whitney test, or analysis of variance and differences were considered statistically significant with P Ͻ 0.05. Data are represented as mean Ϯ SE.
Results
CFH and MAC Levels During Laser-Induced CNV
C57BL/6 mice were sacrificed at day 1, 3, 5, and 7 postlaser and immunofluorescent staining was performed on RPE-choroid-sclera flat mounts as well as paraffin-embedded serial sections of the laser spots. CFH expression was investigated by RT-PCR and MAC (C9) levels were investigated by Western blot analysis.
RPE-Choroid-Sclera Flat Mounts
Under confocal microscope, basal (constitutive) expression of CFH was observed on RPE-choroid-sclera tissue harvested from control nonlasered (naïve) mice (Figure 1, A and F) . CFH levels in the laser spot decreased significantly (P Ͻ 0.05) at day 1 postlaser (Figure 1, B and F) compared to naïve mice. On day 3 expression of CFH returned to basal levels ( Figure 1, C  and F) . We observed a dramatic increase in CFH expression in the laser spots at day 5 (102%) and 7 (140%) compared to naïve control (Figure 1, D , E, and F) and these differences were statistically significant (P Ͻ 0.05; Figure 1F ). In naïve animals, extremely low levels of MAC were detected in RPE-choroid-sclera tissue (Figure 1 , G and L). Increased MAC deposition (compared to control mice) in the laser spots was observed at all time points studied with maximum levels at day 3 and minimum levels at day 7 postlaser (Figure 1 , H-K and L). Negative control images (Figure 1 , M-Q) did not show any signal.
RT-PCR Analysis
CFH mRNA levels in RPE-choroid tissues were reduced at day 1 and 3 postlaser and then returned to the basal level as observed in naive animals at day 5 postlaser ( Figure 1, R 
and S).
Western Blot Analysis
MAC protein levels in RPE-choroid tissue increased starting from day 1, reached maximum at day 3 (twofold increase compared to naive control), and then decreased to the basal level at day 7 postlaser (Figure 1, T 
and U).
Paraffin-Embedded Serial Sections
In the naïve mice, strong staining for CFH was detected in RPE cells (Figure 2A ). One day after laser treatment we found decrease in CFH levels on RPE cells ( Figure 2B ) compared to naïve animals ( Figure 2A ). Intensity of CFH fluorescence in RPE cells increased at day 3 ( Figure 2C ) to the levels observed in naïve animals with increase at day 5 ( Figure 2D ) and day 7 ( Figure 2E ) postlaser treatment. Extremely low levels of MAC were detected on RPE cells in nonlasered animals ( Figure 2F ). Levels of MAC on RPE cells increased on day 1 ( Figure  2G ) and 3 ( Figure 2H ) postlaser. Interestingly, levels of MAC declined at day 5 ( Figure 2I ) and 7 ( Figure 2J ) but were still higher to those in naïve mice ( Figure 2F ). Figure  2K -O represent merged images of CFH, MAC, and DIC. Negative controls (Figure 2 , P-T) did not show any signal.
Effect of CFH Suppression on Laser-Induced CNV
Experiments were performed to explore the effect of ocular CFH inhibition on the incidence and the size of CNV complex as well as on local complement activation. In vivo expression of CFH was knock-downed using siRNA directed against CFH gene.
Suppression of CFH mRNA and Protein in RPE and Choroid
We first examined whether siRNA directed against CFH can knock-down the expression of gene encoding CFH in RPE and choroid in laser treated mice. Two doses (20 pM and 80 pM) of CFH siRNA mixture were injected separately at the day of laser treatment (day 0), and mice were sacrificed at day 1, 3, 5, and 7 postlaser. Assessment of CFH suppression was done by semiquantitative RT-PCR and semiquantitative Western blot analysis using RPE-choroid tissue. We observed that the subretinal injection of 20 pM and 80 pM ( 
Effect of CFH siRNA on Systemic Complement Activity
Because only the alternative pathway of complement activation is essential for the development of CNV in the mouse model of laser induced CNV, 15 we investigated the functional activity of the alternative pathway in the 
Localization of CFH siRNA in RPE and Choroid
Experiments were performed to see whether CFH siRNA and control siRNA can be detected in RPE and choroid of the mouse eye after subretinal injection. Animals were lasered and injected with 80 pM of AF488-modified CFH siRNA (CFH AF488) immediately after laser. Serial sections of mouse eyes were analyzed, and no fluorescence was detected in the RPE and choroid of naïve animals that were not injected with CFH AF488 siRNA ( Figure 4A ). Low green fluorescence detected in choroids capillaries of naïve animals was autofluorescence due to erythrocytes located in capillaries ( Figure  4A ). At day 1 after injection fluorescent particles appeared inside and outside of RPE cells and in great amount in area of laser injury (Figure 4, B and D) . Highest amount of AF488-siRNA was detected at day 3 and 5 and green fluorescence occupied mostly whole cytoplasm of RPE cells, and also was found in the choroid and spot area (Figure 4 , C, E, F, and H). At day 7 after injection of AF488-siRNAs green fluorescence became less intense but was still detected in RPE-choroid and spot area (Figure 4, G and I) . The localization of CFH siRNA and control siRNA labeled with AF488 in RPE-choroid was similar ( Figure 4 Figure  4N ) was eliminated by treating the samples with Sudan Black (Figure 4O ). This experiment was repeated three times.
Laser-Induced CNV in CFH siRNA-Treated Mice
We next investigated the in vivo silencing effect of siRNA targeting the gene for CFH on the development of CNV complex. Animals received a single subretinal injection of vehicle, control (80 pM), or CFH (80 pM) siRNA at day 0 (day of laser) and were sacrificed at day 1, day 3, day 5, and day 7 postlaser. Confocal analysis of RPEchoroid-sclera flat mounts revealed that at day 1 postlaser CNV did not develop in vehicle, control siRNA, and CFH siRNA injected animals (see Supplemental Figure 2 were more susceptible to laser-induced CNV than vehicle (see Supplemental Figure 2 , D-F at http://ajp.amjpathol.org) or scrambled siRNA treated mice ( Figure 5 , A-C), and these differences were statistically significant ( Figure 5G ; P Ͻ 0.05). At day 3 postlaser 44% of laser spots were CNV positive in CFH siRNA treated animals compared to 11% CNV positive laser spots in scrambled siRNA treated mice (Table 1) . Scrambled siRNA-treated mice ( Figure 5A ) developed very mild CNV compared to CFH siRNA-treated animals ( Figure 5D ) at this time point. CFH siRNA treated mice developed more severe CNV compared to control siRNA-treated mice at day 5 ( Figure 5, B , E, and G) and day 7 ( Figure 5, C, F, and G) .
Effect CFH siRNA on Local Complement Activation
Formation of MAC was used as a measure of local complement activation, and flat mounts of CNV complex were stained for the presence of MAC. At day 3, 5, and 7, laser spots stained more intensely for MAC in CFH siRNA-treated mice ( Figure 6 , D-F) compared to vehicle (see Supplemental Figure 3 , A-C at http://ajp.amjpathol.org) and control siRNA-treated animals ( Figure 6 , A-C), and these differences were statistically significant ( Figure 6G ). No staining was observed in CNV complexes stained without the primary antibody (see Supplemental Figure 3 , D-F at http://ajp.amjpathol.org). Additionally, RPE-choroid tissue pooled separately from CFH siRNA, control siRNA, and vehicle-injected mice were used in semiquantitative Western blot analysis for MAC. Samples were analyzed on 7.5% SDS-PAGE slab gel under reducing conditions. Increased levels of MAC/C9 protein were detected in CFH siRNA-treated animals compared to vehicle (see Supplemental Figure 3G at http://ajp.amjpathol.org) and control siRNA treated mice at day 3, day 5, and day 7 postlaser (Figure 6 , H and I).
Discussion
AMD is the major cause of irreversible central vision loss among elderly worldwide. Clinically, AMD is classified into two forms, namely "dry" and "wet" AMD. Catastrophic vision loss is more frequently associated with the wet (exudative) form of AMD specifically from the complication of choroidal neovascularization. 2, 3 Untreated CNV leads to the loss of central vision in AMD patients and thus has a profound impact on the quality of life. Reports from our as well as other laboratories suggest that complement dysfunction contributes to exudative form of AMD in experimental animals and in humans. 2, 4, 5, 10, 11 Rodent model of CNV induced by laser photocoagulation has been extensively studied in our laborat- ory. 4,5,14,15,28 -33 Using this model our previous studies have demonstrated precisely the role played by complement; specifically the alternative pathway of complement activation in the development of wet-AMD. 4, 15, 29, 31 In addition, our studies described the first direct role of complement activation product-MAC in the mouse model of laser-induced CNV. We have established that generation and the release of angiogenic growth factors in laser-induced CNV is dependent on MAC formation. 4, 15, 29, 31 Thus, data from our laboratory clearly implicate MAC formed via the alternative pathway activation as a major mediator of CNV in the murine model. 4, 15, 29, 31 Interestingly, we also observed that the levels (both transcripts and protein) of CFH in RPE and choroid were markedly reduced during the growth of CNV complex in mice. 15 In the present study we asked the question whether CFH locally present in RPE and choroid regulates the development of CNV in C57BL/6 mice and explored the underlying mechanisms.
CFH, a 155-kDa glycoprotein, exclusively regulates the function of the alternative complement pathway 16, 17 and a common variant (Tyr402His) of CFH gene is associated with AMD susceptibility in humans in the United States as well as several populations worldwide. 2,6 -8,12,16,17,20,21,34,35 It has been suggested that Y420H polymorphism of CFH leads to impaired complement regulation, and the risk variant CFH Y420H is inefficient in regulating the complement system. 20, 36 Using semiquantitative immunohistochemistry we observed that MAC was expressed constitutively in RPE and choroid of naïve mouse eyes. In 2000, we reported the presence of MAC in the normal rat eye as a result of chronic low level complement activation. 37 In the present study we noted that both mRNA and protein for CFH were present in RPE-choroid tissue harvested from the eyes of naïve mice. The presence of CFH transcripts and protein described in our current study suggests that CFH is locally produced by RPE and choroid. Although liver is the major site of CFH synthesis, extrahepatic production of CFH was observed in a variety of cell types. 16, 38 In a previous report, CFH expression was detected in several tissues of normal human and mouse eyes. 12, 18, 19 The expression pattern of CFH and MAC during laserinduced CNV was studied using IHC of flat-mount and paraffin embedded sections, Western blot, and RT-PCR analysis. MAC levels were up-regulated in RPE during the initiation of growth (ie, day 1 and 3) of the CNV complex. Increased complement activation during the growth phase of laser-induced CNV 5,14 will lead to increased MAC levels at day 1 and 3 postlaser observed in our current study. Amount of MAC decreased during the maturation phase (ie, day 5 and 7) of CNV suggesting thereby that ocular cells protect themselves by downregulating complement activation leading to reduced MAC deposition. 5, 14 Higher deposition of MAC (C5b-9) was found in Bruch's membrane, intercapillary pillars, and within drusen 12, 18 in patients with AMD compared to control subjects.
In the present study we observed that CFH levels decreased significantly in the early phase of CNV (day 1 postlaser) and then increased in the laser spot on days 5 and 7 postlaser. Decreased levels of CFH at day 1 postlaser may be due to its reduced synthesis resulting from cell damage caused by laser-treatment. A combination of several factors may explain the increase in the levels of CFH in these tissues at day 5 and 7 postlaser. First, our present results suggest that CFH is produced locally in the RPE and the choroid. Secondly, CFH produced by the liver circulates through out the body via blood and blood-derived CFH may also contribute to ocular CFH pool. Circulating blood cells containing CFH 16, 38 may also contribute to CFH levels; it is known that blood cells and bone marrow cells express CFH. 16, 38 In previous studies, CFH was observed in human and mouse choroidal vessels.
12,39 CFH was found in drusen, subretinal space, and around choroid capillaries. 12, 18, 20, 40 The importance of CFH in regulating local (ie, ocular) complement activation and choroidal vessel growth was confirmed by using CFH siRNA. siRNA directed against complement proteins have provided valuable information in efforts to understand the in vivo role of complement in animals models of ocular diseases. 15, 41 We examined the disease course and severity in CFH siRNA-treated mice and observed that mice in which CFH gene was knocked-down in the eye developed the CNV complex early in the disease process and more severe CNV at later time points compared to control siRNA-treated animals. C9/MAC deposition levels were significantly increased in the CFH siRNA-treated group. Thus, our results have demonstrated for the first time that local suppression of CFH gene exacerbates laser-induced CNV in mice by allowing unregulated MAC deposition. VEGF has been documented to play an important role in 
